Introduction
New and published HERMES data on diffractive vector meson production are presented, and are compared to available theoretical calculations based on the Generalized Parton Distributions (GPDs) [1] which describe dynamical correlations between partons with different momenta. Experimentally, GPDs can be investigated in hard-exclusive production of mesons or non-resonant pion pairs by longitudinally polarized virtual photons. The HERMES longitudinal cross section (σ L ) data on ρ 0 [2] and φ meson production have been compared to the GPD based calculations of [3] to estimate the contributions of the two major production mechanisms involved: quarkexchange and gluon-exchange.
The spin transfer from the virtual photon to the vector meson is commonly described [4] in terms of spin density matrix elements (SDMEs). SDMEs are usually described in the center-ofmass system of the virtual photon and target nucleon by the helicity amplitudes T λ V λ¤ N ¥ λ γ λ N where λ V (λ γ ) is the helicity of the vector meson (virtual photon) and λ N , λ ¦ N denote the helicities of incident and outgoing nucleon, respectively. The full expression for the decay angular distribution is given in Ref. [4] in terms of SDMEs r α i j , which are related to the initial spin density matrix elements ρ α
ere N α denotes a normalization factor, and Σ α If s-channel helicity conservation (SCHC) is assumed, the helicity of the vector meson is the same as of the virtual photon. The validity of SCHC was tested, and as shown below, the observation of several non-zero SDMEs for ρ 0 production indicates contributions from SCHCviolating helicity-flip amplitudes. In addition, the relative contribution of natural-and unnaturalparity exchange was estimated from the combination of certain SMDEs. Natural-parity exchange indicates that the interaction between the virtual photon and the target nucleon is mediated by a particle of 'natural' parity (J P , e.g. π or A 1 . 0.99 GeV < M KK < 1.04 GeV. The absence of a signal in the Cherenkov detector is required to identify kaon tracks.
For the calculation of the longitudinal cross section [3] , higher twist effects have been included in a phenomenological fashion, and the Q 2 -dependence of the strong coupling constant α s has been accounted for. In order to extract information on the longitudinal production cross section, data on r 04 00 , the longitudinal fraction of the ρ 0 cross section, have been used [2] . Using a parameterization of R the longitudinal cross section for ρ 0 and φ production has been determined using σ L § Rσ total 1 εR , where σ total represents the total measured cross section [2] . The resulting values for ρ 0 and φ production are shown in Fig. 1 and the left panel of Fig. 2 , respectively, and are compared to the calculations of Ref. [3] . The calculations for ρ 0 are in agreement with the data if both the quark-exchange and the gluon-exchange contributions are included.
For φ -meson production only the gluon-exchange mechanism is expected to contribute, as the proton contains only a small population of s-quarks. Calculations based on this assumption [3] are in agreement with the data as presented in the left panel of Fig. 2 .
The Q 2 -dependence of the cross section ratio for φ to ρ 0 production is displayed in the right panel of Fig. 2 , together with the results of other experiments [6, 7, 8] . The ratio of total cross sections shows a clear W -dependence. By contrast, a W -independent ratio of 2/9 between the total ρ 0 and φ production cross sections would be expected if both processes were driven by the gluonexchange mechanism alone. This is indeed observed for the high Q 2 data which, also correspond to higher values of W . The deviation in the φ ρ 0 total cross section ratio from 2/9 confirms the conclusions derived from Fig. 1, i. e. that the quark-exchange mechanism represents an important contribution to the ρ 0 production cross section at intermediate W values.
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Figure 2:
In the left panel the derived longitudinal φ production cross section is compared to the results of GPD-based calculations where only the gluon-exchange contribution has been used. In the right panel the ratio of φ meson production relative to ρ 0 meson production as a function of Q 2 is presented.
Spin Density Matrix Elements
The angular distribution of the scattered lepton and of the decay products is described in terms of the following angles: Φ is the angle between the scattering plane and the ρ 0 production plane, while Θ and φ are the polar and azimuthal angles of the decay π ! in the vector meson rest frame, with the z-axis aligned opposite to the outgoing nucleon momentum in the γ p center-of-mass system [4] . The SDMEs are obtained directly from the measured quantities by minimizing the difference between the 3-dimensional cos Θ φ Φ decay angle matrix of the data and a sample of fully reconstructed Monte Carlo events, using the maximum likelihood method. An 8 8 binning was used for the variables cos Θ, φ , Φ. The Monte Carlo events were generated with uniform angular distributions and were reweighted in an iterative procedure with the angular distribution W cos Θ φ Φ r α i j [4] , where the matrix elements were treated as free parameters. The best fit parameters were determined using a binned maximum log-likelihood method. The minimization itself and the error calculation were performed using the MINUIT package. All these SDMEs were analyzed without the assumption of SCHC.
The extracted SDMEs for the kinematic region 1 GeV 2 < Q 2 < 5 GeV 2 , 3 GeV < W < 6.3 GeV and 0¨03 ' x B j ' 0¨25, are presented for the proton and deuteron data samples in Fig. 3 . All unpolarized SDMEs measured on the proton agree with those on the deuteron within one standard deviation of the combined uncertainty. The statistical uncertainties are larger for the eight polarized SDMEs (in the bottom of the plot) due to the limited lepton beam polarization (0.53).
The sections of the central vertical line in Fig. 3 indicate those SDMEs which are expected to be zero under SCHC. The gaps in this line correspond to elements which are not restricted by SCHC to be zero, and which are indeed found to be nonzero. Several unpolarized SDMEs, however, show
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A.Borissov Fig. 4 . It is compared to calculations performed using three different approaches, based on pQCD k T factorization [10] , Regge phenomenology [11] , and on a pQCD GPD-based calculations [12] . Only two-gluon exchange is considered in all approaches, and it could be a reason for the disagreement between the data and
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0¨049 syst , is different from zero at a level of 2σ of the total uncertainty, demonstrating the significance of the unnatural-parity-exchange contribution. The deuteron result is compatible with zero:
0¨047 syst . For coherent ρ 0 production on the deuteron only NPE is expected, as the isovector contribution is absent in the t-channel, as long as one-pion exchange is considered. A signal of UnPE is important as evidence of quark-antiquark exchange, corresponding to the polarized GPDs. The kinematic dependences of U 1 for the proton on Q 2 , t This work is supported in part by the Heisenberg-Landau program.
Exclusive Vector Mesons at HERMES A.Borissov are not included in the t ¡ and x B j plots, which represent data with a Q 2 > 1 GeV 2 imposed. The error bars represent the statistical uncertainty while the bands below indicate the systematic uncertainties. For the integrated point, the inner error bar represents the statistical uncertainty while the outer one indicates the additional systematic uncertainty.
